Numerous studies have evaluated the relationship between RNASEL gene polymorphisms (rs486907 G>A and rs627928 T>G) and the risk of cancer. However, many of the results have been controversial. To explore the role of RNASEL gene polymorphisms in prostate cancer, we carried out the present meta-analysis.
Background
Cancer is a major public health problem and results in significant morbidity and mortality worldwide [1] . Many studies show that the process of carcinogenesis is always companied with inflammation. Therefore, certain inflammatory cytokines promote or inhibit tumor development [2] .
As prominent factors during the process, interferons exert their various roles by inducing the expression of many proteins [3] . For instance, endoribonuclease L (RNASEL), induced by interferons, is associated with the antiproliferative and antiviral effects of interferon [4] . RNASEL gene expression and mutation have been receiving increased research attention.
Single-nucleotide polymorphisms (SNPs) of some genes affect the function of these genes. Sequence analysis of RNASEL gene has identified the 2 most common corresponding SNPs: rs486907 G>A and rs627928 T>G [5, 6] . These SNPs has been reported to affect the expression and activity of the protein derived from the RNASEL gene [7, 8] . RNASEL has been demonstrated to play a role in carcinogenesis, such as in prostate cancer [9, 10] . Thus, rs486907 and rs627928 are thought to be involved in prostate cancer susceptibility.
Recent studies have shown the association between risk of prostate cancer and these SNPs of RNASEL. Unfortunately, the conclusions in these studies were not consistent. To resolve these inconsistent results, several meta-analyses on rs486907 and rs627928 were conducted up to 2011. For the next 6 years, 14 original studies on this scientific problem were also carried out. However, the conclusions in these studies remain controversial. Therefore, we performed this updated meta-analysis, including new studies, and attempted to assess the role of these SNPs in tumor development [4] [5] [6] .
Material and Methods

Search strategy
All relevant articles were collected from PubMed, Web of Science, Scopus, CNKI, and WanFang databases before August 2018. The search keywords were: "SNP" and "RNASEL or Ribonuclease L" and "cancer or tumor or neoplasm or carcinoma" and "polymorphism". Additional relevant studies were found by manually screening the references in reviews and the identified articles. The quality of the studies included in our meta-analysis were evaluated using the Newcastle-Ottawa scale.
Inclusion and exclusion conditions
Study inclusion criteria were: (a) evaluation of the relationship between rs486907 and rs627928 and the risk of prostate cancer; (b) case-control design; (c) published in Chinese or English; and (d) enough data obtained in the studies, including the amounts of these genotypes (for rs486907 and rs627928) in cases and controls, which could be used to calculate the odds ratios (ORs) and 95% confidence intervals (CIs). Exclusion criteria were: (a) abstracts from conferences and reviews; (b) case only studies; (c) duplicate studies; and (d) studies without detailed genotyping information.
Data extraction
The data in eligible studies were extracted by 2 investigators. The following elements from each study were collected: the (first) author name, edition year, district, people and populations, the quality of each study, control source, tumor types, the numbers of controls and cases, the genotype distribution for rs486907 and rs627928, the minor allele frequency (MAF) in each study, and the result of Hardy-Weinberg equilibrium (HWE) test.
Statistical analysis
The chi-square test was used to assess deviation from HWE in controls. The evaluation of the relationship between these SNPs of RNASEL gene and prostate cancer susceptibility was performed using ORs and 95% CIs. Pooled ORs were assessed using the Z test in the following 5 genetic models: allele, recessive, dominant, homozygous, and heterozygous models.
The heterogeneity among the studies included for meta-analysis were checked by Q-test based on chi-square test by using the I 2 index value. If P<0.10 and I 2 >50%, the significant heterogeneity could not be ignored. Hence, the pooled OR was obtained through the random-effects model. If not, the fixedeffects model was used. Stratification was conducted based on ethnicity and cancer type.
The impact of each study on the pooled ORs were checked by sensitivity analysis. Risk of publication bias among studies was evaluated by Begg's test and Egger's test. STATA software (Version 11.0, STATA Corp., College Station, TX, USA) was used for all statistical analyses. All statistics were two-sided and the differences were defined as significant at P < 0.05.
Ethics review
Because this meta-analysis was based on previous studies, ethics approval was not required.
Results
Selection of studies and characteristics
The flow chart shown in Figure 1 explains the search process and selection of studies. In total, 417 articles were initially found from PubMed, Web of Science, Scopus, CNKI, and WanFang databases. Of these, 118 were duplicate and were thus excluded; therefore, 299 articles were retrieved. After reading titles and abstracts, 14 review or meta-analysis articles were excluded. After full-text assessment, 247 irrelevant articles were excluded and the remaining 38 articles were then evaluated in detail. Finally, 23 articles including 40 studies were used for this meta-analysis ( Figure 1 ). However, the distributions of the control genotypes in 5 studies deviated from HWE, so our final analysis included 22 studies (including 11 135 cases and 10 817 controls) for rs486907 and 13 studies (including 4522 cases and 3823 controls) for rs627928. The characteristics of these studies are summarized in Table 1 . All studies were high quality [37] , and all focused on prostate cancer. Most of these studies were performed in Caucasian populations.
The results of meta-analysis rs486907 was not involved in the risk of prostate cancer in 4 genetic models (Table 2, Figure 2A ). For rs627928, no obvious heterogeneity was found in allele or recessive models. Hence, the fixed-effects model was used ( Table 2 ). Our results indicated that rs627928, in allele and recessive models, was related to high risk of prostate cancer (Table 2, Figure 2C ).
In subgroup analysis, rs486907 was not involved in prostate cancer susceptibility in Caucasian populations (covering 19 studies) across all genetic models (Table 2 ). Furthermore, no obvious association between rs486907 and the risk of onset for prostate cancer was found in African American populations (covering 3 studies) or in non-Hispanic Caucasian populations (covering 3 studies) (Table 2, Figure 2B ). For rs627928, heterogeneity among studies was observed in 5 genetic models in non-Caucasian populations. Consequently, the ORs and 95% CIs were derived from the random-effects model, and the fixed-effects model was used for the other populations ( Table 2 ).
As expected, our results indicated that rs627928 promotes the development of prostate cancer in African American populations (covering 2 studies) and Caucasian populations (covering 10 studies) in allele, recessive, and homozygous genetic models (Table 2, Figure 2D ). However, in non-Caucasian populations, no significant correlation was found between rs627928 and prostate cancer susceptibility ( Table 2) .
Sensitivity analysis and publication bias
To assess whether the results of any single study affected the final conclusion in our meta-analysis, we carried out sensitivity analysis to evaluate the influence for both rs486907 and rs627928. We found that our results were not affected by exclusion of individual studies ( Figure 3 ).
In addition, the publication bias for both rs486907 and rs627928 was evaluated by Begg's test and Egger's test showing there was no clear evidence of publication bias or trending bias in our analysis (Table 3) .
Trial sequential analysis
To avoid random errors and ensure stability of our results for both rs486907 and rs627928, trial sequential analysis (TSA) was carried out in different genetic models or various populations. However, none of the cumulative Z-curves crossed the trial sequential monitoring boundary or the required information size line ( Figure 4 ).
Discussion
Cancers seriously affect patients and impose large economic burdens on society [1] . In recent years, more and more research groups have focused on genetic susceptibility to cancer. As a tumor-suppressor gene, RNASEL gene polymorphisms (including rs486907 and rs627928) have been demonstrated to be involved in carcinogenesis [32, 34, 38, 39] .
Many epidemiological studies have recently attempted to identify associations between rs486907 and rs627928 and the risk of prostate cancer. Unfortunately, the conclusions among these studies articles are inconsistent. Six years ago, 5 meta-analyses were carried out to elucidate this relationship [40] [41] [42] [43] [44] . Li demonstrated that rs627928 leads to high risk of prostate cancer [40] . Zhang proved that rs486907 can enhance cancer susceptibility in African American populations, but did not affect the risk of cancer in overall populations [41] . Wei found indicated that rs627928 might be a low-risk factor for prostate cancer [42] . Mi indicated that rs627928 increases the risk of prostate cancer in African and European populations [43] . In an update analysis, Mi et al. [44] proved that rs486907 promotes carcinogenesis in prostate cancer in African populations, and rs627928 increases the onset risk of cancer.
During the next few years, several new studies on these SNPs have been published. However, the results of these various studies remain inconsistent 12, 13, 15] . Thus, we carried out the present analysis (covering more studies) to clarify the relationship of the 2 SNPs and prostate cancer susceptibility [4, [11] [12] [13] [14] [15] .
Our results demonstrated that rs627928 is involved in the development of prostate cancer risk, and the conclusion was similar to those of previous meta-analyses. In addition, our analysis proved that rs486907 is not involved in the risk of prostate cancer in overall or in Caucasian populations. Therefore, our conclusion confirms the conclusions of these previous meta-analyses.
RNASEL rs486907, also named Arg462Gln, is found in in approximately 13% of prostate cancer patients [45] . Winchester et al. found that men with the minor allele of rs486907 appeared to have slightly lower serum prostate-specific antigen (PSA) concentrations than men with the major allele [46] . These changes in individuals with rs486907 help explain our results. However, rs627928, also known as Asp541Glu, seems to have nothing to do with this phenomenon [7] . 
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For a comprehensive understanding, we have predicted the impact of the 2 RNASEL SNPs at protein level using PolyPhen 2. The data from PolyPhen 2 showed that rs486907 was predicted to possibly damage the function of RNASEL, with a score of 0.864. However, rs627928 was predicted to be benign, with a score of 0.000. The data suggest that rs486907 possibly affects the function of RNASEL protein. Therefore, the SNP could further reduce the incidence of prostate cancer. However, our results indicated that rs627928, but not rs486907, is involved in the risk of prostate cancer.
During the study selection process, the data extracted from 23 articles including 40 studies were used for this meta-analysis. These preselected studies are listed in Table 1 . However, the distributions of the control genotypes in 5 studies deviated from HWE. Therefore, only 22 studies (including 11 135 cases and 10 817 controls) for rs486907 and 13 studies (including 4522 cases and 3823 controls) for rs627928 have been included in our study for the final meta-analysis. In addition to HWE testing, we also assessed the RNASEL 2 polymorphisms MAF reported for the worldwide populations and compared the frequency to the overall estimates reported [47] . and Caucasian populations, respectively. In certain populations, the highest MAF was <0.5, but the highest MAF was >0.5 in the other populations. In this meta-analysis, several studies had a MAF <0.5 and the other studies had a MAF >0.5, but there was no obvious difference between them.
We found no obvious heterogeneity in the process of analysis, nor did we find any significant publication bias or trending bias. Sensitivity analysis indicated that our conclusion was robust under these conditions, in which individual studies were omitted. However, the TSA data suggested that the false-positive results should not be excluded completely in this study due to its relatively small sample size. Therefore, the results of TSA show that larger studies, specially focusing on Asians and Africans, should be carried out to assess the association between RNASEL gene polymorphism and the risk of prostate cancer.
Although all studies enrolled in this analysis met our selection criteria, several limitations of our study should be considered. First, the quantity of studies enrolled in this study was insufficient for subgroup analysis for Asians or Africans. Second, studies on other types of cancer (non-prostate cancer) were not included. Third, a few studies with small samples were enrolled. Last, some important lifestyle data on patients with prostate cancer were not considered.
Although it has some weaknesses, this meta-analysis also makes important contributions. To the best of our knowledge, this is the first meta-analysis to assess the association between these 2 important SNPs and susceptibility to prostate cancer. Our results show that rs627928, but not rs486907, promotes the development of prostate cancer.
Conclusions
Our meta-analysis found no association between rs486907 and risk of prostate cancer, and confirmed that rs627928 promotes the progression of prostate cancer. These results indicate that rs627928 has potential as a predictor of prostate cancer. However, larger studies are needed to validate our conclusions.
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